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Egypt  is  one  of  the  Red  Sea  and  Mediterranean  countries  having  windy  enough  areas,  in  particular  along 
the  coasts.  The  coastal  location  Ras  Ghareb  on  the  Red  Sea  has  been  investigated  in  order  to  know  the 
wind  power  density  available  for  electricity  generation.  To  account  for  the  wind  potential  variations  with 
height,  a  new  simple  estimating  procedure  was  introduced.  This  study  has  explicitly  demonstrated  the 
presence  of  high  wind  power  density  nearly  900kW/m* 1 2 3 4 5  per  year  at  100  m  of  altitude  for  this  region. 
Indeed,  the  seasonal  wind  powers  available  are  comparable  to  and  sometimes  higher  than  the  power 
density  in  many  European  cities  for  wind  electricity  applications  like  Vindeby  (Denmark)  and  also  Amer¬ 
ica. 

New  technical  analysis  for  wind  turbine  characteristics  have  been  made  using  three  types  of  commercial 
wind  turbines  possessing  the  same  rotor  diameter  and  rated  power  to  choice  the  best  wind  machine 
suitable  for  Ras  Ghareb  station.  As  per  the  decreasing  the  cut-in  wind  speed  for  the  wind  turbine  used,  the 
availability  factor  increases  for  a  given  generator.  That  it  could  produce  more  energy  output  throughout 
the  year  for  the  location. 

The  aim  of  this  research,  was  to  predict  the  electrical  energy  production  with  the  cost  analysis  of  a 
wind  farm  150  MW  total  power  installed  at  Ras  Ghareb  area  using  100  wind  turbines  model  ( Repower 
MD  77)  with  1.5  MW  rated  power.  Additionally,  this  paper  developed  the  methodology  for  estimating 
the  price  of  each  kWh  electricity  from  the  wind  farms.  Results  show  that  this  wind  park  will  produce 
maximum  energy  of  716GWh/year.  The  expected  specific  cost  equal  to  1.5€cent/kWh  is  still  less  than 
and  very  competitive  price  with  that  produced  from  the  wind  farms  in  Great  Britain  and  Germany  and 
at  the  international  markets  of  wind  power.  The  important  result  derived  from  this  study  encourages 
several  wind  parks  with  hundreds  of  megawatts  can  be  constructed  at  Ras  Ghareb  region. 
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1.  Introduction 

Wind  farms  have  been  used  for  centuries  in  remote  and  rural 
areas  for  electricity  generation  and  water  pumping.  Desert  regions 
could  provide  space  for  large-scale  utilization  of  wind  energy,  pro¬ 
vided  they  are  favoured  by  a  healthy  wind  climate  and  situated  not 
too  far  from  places  where  power  is  demand.  One  of  such  region  is 
the  Gulf  of  Suez  and  northern  Red  Sea  between  the  Eastern  Desert 
and  Sinai  Peninsula  in  Egypt.  From  the  geophysics  point,  Gulf  of 
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Suez  at  our  country  has  many  cities,  these  included  the  most  pop¬ 
ulated  and  industrial  regions  for  oil  and  petroleum  products.  This 
part  in  Egypt  also  has  a  huge  amount  of  electricity  can  be  generated 
by  the  wind,  due  to  several  good  factors  (i.e.  technical  and  environ¬ 
mental).  If  a  large  amount  of  electricity  were  generated  from  wind 
during  the  year  there,  this  would  reduce  the  use  of  fossil  fuel  in 
electricity  generation  and  hence  the  emission  of  greenhouse  (C02) 
and  thereby  protecting  our  environment  from  such  pollutants  at 
this  important  area  of  the  land  [1-7].  Also,  Egypt  in  particular  as 
the  Egyptian  economy  is  heavily  dependent  on  exporting  energy. 
Egypt’s  energy  resources  are  limited  in  oil  and  petroleum  prod¬ 
ucts  but  it  has  large  reserves  of  natural  gas  and  its  export  is  an 
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Table  1 

Measured  and  calculated  mean  monthly  wind  speeds  for  the  years  2000-2005  of  Ras  Ghareb  station  at  24.5  and  100  m,  respectively. 


Mean  wind  speed 

Month 

Annual  mean 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

^24.5 

7.5 

7.8 

9.3 

9.7 

10.3 

12.0 

11.1 

11.7 

11.4 

10.0 

7.8 

in 

9.8 

^100 

9.7 

10.0 

12.0 

12.5 

13.3 

15.5 

14.3 

15.1 

14.7 

12.9 

10.0 

9.9 

12.5 

important  contributor  to  the  economy.  On  the  other  side,  Egypt 
has  renewable  energy  resources  in  large  measure  such  as  solar, 
geothermal  and  wind.  Of  these  resources  it  is  wind  which  seems 
most  suitable  for  electricity  generation.  There  is  no  industrial  man¬ 
ufacture  of  wind  Turbines  in  Egypt  so  equipment  and  expertise 
must  be  imported  from  other  countries.  Supported  by  a  sustained 
governmental  commitment  and  a  fruitful  international  cooperation 
a  series  of  large-scale  wind  energy  projects  has  been  constructed, 
at  the  Gulf  of  Suez  with  total  capacity  of  550  MW,  at  Zafarana  and 
Hurghada  areas.  Recently,  Egypt  has  adopted  ambitious  plan  to 
cover  20%  of  the  generated  electricity  by  renewable  energy  by  2020, 
including  a  12%  contribution  from  wind  energy,  translating  more 
than  7000  MW  grid-connected  wind  farms.  Such  plan  gives  a  room 
enough  to  the  private  investment  to  play  the  major  role  in  realizing 
this  goal  [26-30]. 

Possible  wind  energy  projects  thus  face  a  basic  lack  of  knowl¬ 
edge  of  the  wind  resource  as  well  as  a  large-than-usual  uncertainly 
in  the  siting  process.  The  present  study  is  based  on  measurements 
of  wind  speed  and  direction  taken  from  2000  to  2005  at  meteoro¬ 
logical  stations  along  the  Gulf  of  Suez  and  the  northern  Red  Sea.  The 
25-m  masts  were  erected  for  the  wind  study  and  also  provide  infor¬ 
mation  on  other  climate  statistics,  some  of  which  will  be  important 
for  wind  energy  engineers  to  design  and  implementation  of  future 
wind  energy  projects  in  this  area.  In  our  previous  review  [1]  we 
presented  the  first  detailed  wind  data  analysis  and  wind  energy 
potential  at  Ras  Ghareb  area,  an  important  city  for  oil  on  the  west 
coast  of  the  Gulf  of  Suez  and  Red  Sea  in  Egypt.  It  is  appear  from 
the  research  that  this  location  has  been  explored  for  generating  the 
electricity.  Where  it  is  comparable  to  and  sometimes  higher  than 
the  power  density  in  European  countries,  America  and  Canada. 

To  achieve  this  goal,  this  article  studies  the  wind  power  applica¬ 
tions  and  the  cost  of  each  kilowatt  hour  of  electricity  produced  from 
a  wind  farm  of  1 50  MW  total  power  considered  at  Ras  Ghareb  region 
by  a  new  developing  methodology.  Throughout  this  economic  anal¬ 
ysis,  the  results  compared  with  the  retail  tariff  from  WECS  in  the 
UK  and  Germany,  also  with  the  price  of  electricity  produced  from 
different  systems  actually  used  in  Egypt. 


2.  Estimation  of  wind  potential  for  electricity  production 

Wind  speed  is  an  important  factor  in  the  process  of  assessing 
the  wind  energy  potentialities  of  a  site  or  an  area  especially  as 
the  power  in  the  wind  is  proportional  to  the  cube  of  its  velocity. 
Additionally,  when  a  mass  of  air  moves  with  a  certain  speed  in  a 
particular  direction,  wind  power  is  being  produced.  A  conversion 
system  (machine)  has  to  be  placed  in  the  wind  path  to  extract  some 
of  the  power  in  the  wind.  The  power  gained  by  the  machine  is  that 
lost  by  the  wind  except  for  frictional  and  mechanical  losses  [8].  For 
Ras  Ghareb  station,  the  data  base  of  wind  speed  and  direction  were 
measured  and  investigated  in  Ref.  [1  ]  at  24.5  m  altitude. 

The  energy  yield  from  wind  machines  is  highly  dependent  on  the 
wind  speed  at  hub  height.  Usually,  the  wind  speed  measurements 
are  made  at  heights  much  lower  than  the  hub  heights  of  modern 
wind  machines.  For  energy  estimations  from  such  machines,  the 
wind  speed  at  hub  height  is  calculated  using  1  /7th  wind  power  law 
which  may  underestimate  or  overestimate  the  wind  speed  which 
ultimately  will  provide  wrong  estimated  of  energy.  Hence,  wind 


shear  coefficient  for  actual  location  of  wind  machine  siting  should 
be  used  [9].  At  the  beginning,  the  vertical  extrapolation  of  wind 
speed  and  mean  wind  power  density  has  been  subject  to  numerous 
investigations  in  recent  years.  The  common  expression  for  calculat¬ 
ing  the  wind  speed  at  any  height  (h)  based  on  the  measured  wind 
speed  stated  in  many  references  called  Heilman’s  exponential  law 
[5].  On  the  other  hand,  Justus  [10]  recommended  usage  Heilman’s 
equation  in  the  range  of  heights  (0-100  m)  above  the  ground  level 
under  some  conditions.  Then,  as  recommended  at  the  paper  [  1  ],  we 
will  use  the  wind  shear  coefficient  of  0.18  which  must  be  applied 
to  calculate  the  wind  speed  at  different  heights  if  wind  measure¬ 
ments  are  available  at  one  height  at  Ras  Ghareb  area.  According  to 
last  description,  the  expected  wind  machine  has  a  tower  height  of 
100  m  at  least,  so  the  wind  speeds  for  Ras  Ghareb  area  are  adjusted 
at  this  height.  The  results  are  given  in  Table  1  beside  the  measured 
values  of  mean  monthly  wind  speeds  for  the  station. 

Secondly,  since  the  power  density  of  the  wind  above  the  ground 
level  will  mainly  affected  by  the  increase  in  wind  speed  with  height, 
where  the  effect  of  height  on  air  density  for  the  elevations  under 
consideration  is  negligible.  Hence,  a  new  simple  estimating  pro¬ 
cedure  can  be  introduced  to  estimate  the  monthly  wind  power 
density  at  any  desired  height  by  the  following  formula: 

/  h  \3a 

Ph(mo.)  =  0.72P10(mo.)f  —  J  (l<W/m2  ■  month)  (1) 

For  this  analysis  we  use,  a  =  0.1 8,  as  mentioned  above  for  Ras 
Ghareb  region. 

Finally,  due  to  the  common  heights  of  large  wind  turbines  at  the 
world  markets  are  found  to  be  from  1 00  to  1 60  m  above  the  ground 
level.  Thus,  by  using  the  corrected  monthly  values  of  available  wind 
power  at  1 0  m  height  from  the  research  [  1  ]  and  then  by  substituting 
these  values  in  the  Eq.  (1 ),  we  obtain  the  annual  and  monthly  wind 
power  density  at  the  height  of  100  m.  Table  2  is  prepared  and  the 
result  is  plotted  in  Fig.  1 .  From  these  table  and  figure,  we  can  derive 
the  following: 

(1)  The  monthly  average  of  wind  power  density  is  seen  to  vary 

between  389  and  1560  (kW/m2  month),  with  the  annual  mean 

value  equal  to  8981<W/m2.  Where  the  peak  of  the  expected 

Table  2 

Available  corrected  mean  monthly  wind  power  density  at  10  and  100  m  heights, 
respectively,  beside  the  monthly  wind  turbine  efficiency  values  of  the  three  identical 
wind  machines  considered  at  Ras  Ghareb  area. 


Month 

P,„  (W/m2) 

Pi oo  (kW/m2  month) 

h  (%) 

Jan. 

156 

389 

60 

Feb. 

170 

424 

55 

Mar. 

291 

726 

32 

Apr. 

338 

844 

27 

May. 

402 

1004 

23 

Jun. 

625 

1560 

15 

Jul. 

506 

1263 

18 

Aug. 

589 

1470 

16 

Sep. 

538 

1343 

17 

Oct. 

363 

906 

26 

Nov. 

170 

424 

55 

Dec. 

170 

424 

55 

Annual 

360 

898 

33 
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Fig.  1.  Monthly  variation  of  wind  power  density  at  100  m  height. 


wind  power  appears  from  March  to  October  as  a  result  of  the 
increase  in  its  wind  speeds  values  at  these  months  over  the  year. 

(2)  An  exhaustive  view,  the  absolute  minimum  of  Pioo  was 
observed  at  January  389kW/m2  followed  by  February  and 
December  424  kW/m2.  However,  the  absolute  maximum  high¬ 
est  expected  wind  power,  P10o,  was  found  at  June  1 560  kW/m2 
followed  by  1470  kW/m2  recorded  at  August,  which  are  an 
international  high  values  and  as  high  as  the  wind  potential 
in  many  European  cities  for  wind  electricity  applications  like 
Vindeby  (Denmark). 

(3 )  From  Table  2,  also  we  can  derive  Fig.  2  that  is  draw  the  expected 
wind  power  at  100  m  hub  height  for  Ras  Ghareb  station  on  the 
seasonal  scale.  One  can  notice  that  the  wind  power  density  is 
higher  during  the  Summer  months.  Indeed,  the  wind  power 
available  at  Summer  season  only  is  4293  kW/m2,  which  is  3.5 
times  greater  than  the  wind  density  available  at  Winter  months 
and  therefore,  it  is  more  1.5  times  the  wind  power  potential  at 
Spring  or  Autumn  periods. 

3.  Availability  factor  and  the  choice  of  the  wind  turbine 

Efforts  to  resolve  the  problem  of  choice  the  best  wind  machine 
for  each  location  which  has  been  explored  for  generating  the  elec¬ 
tricity  and  increasing  the  energy  output,  has  focused  on  three  main 
approaches.  The  first  approach  is  “Capacity  Factor”.  Chang  et  al.  [  1 1  ] 
concluded  that  for  a  very  large  rotor  together  with  a  very  small 
generator,  a  wind  turbine  run  at  full  capacity  and  thus  achieve  a 
very  high  capacity  factor.  But  it  could  produce  very  little  electric¬ 
ity,  resulting  in  low  wind  turbine  efficiency.  In  such  a  situation, 
considering  only  capacity  factor  cannot  provide  overall  informa¬ 
tion  on  wind  turbine  characteristics.  Another  way  of  stating  the 


annual  energy  output  from  a  wind  turbine  is  look  to  at  the  capac¬ 
ity  factor  for  the  turbine  in  its  particular  location.  Capacity  is  the 
actual  annual  energy  output  dividing  by  the  theoretical  maximum 
output,  if  the  machine  were  running  at  its  rated  (maximum)  power 
during  all  of  the  8760  h  of  the  year.  Capacity  factors  may  theoret¬ 
ically  vary  from  0  to  100%,  but  in  practice  they  will  usually  range 
from  20  to  70%  [12].  In  this  study  we  can  determine  the  CF  for  any 
wind  turbine  by  using  its  equation  as  introduced  earlier  at  the  Ref. 
[6]. 

On  the  other  side  the  second  approach  will  be  “Turbine  Effi¬ 
ciency”.  Whereas  the  value  of  59.3%  represents  the  Betz  efficiency  or 
maximum  theoretical  efficiency  of  a  turbine  rotor  [13,14].  Since  the 
wind  energy  available  in  the  wind  cannot  be  completely  extracted 
by  any  wind  turbine.  In  order  to  provide  practical  estimations:  the 
wind  turbine  efficiency  rj,  defined  as  the  ratio  between  recover¬ 
able  energy  on  the  aerogenerator  and  available  energy  at  Betz  limit, 
is  meaningful  for  evaluating  turbine  performance.  This  is  done  by 
applying  our  formula  which  is  stated  in  Ref.[3]  to  estimate  the 
monthly  wind  turbine  efficiency  as  follow: 


P  monthly  — 


720  Pr 

■^a  (mo.) 


where  Pr  is  the  rated  power  of  the  chosen  wind  turbine  kW,  Sa  is 
the  rotor  swept  area  (m2). 

Finally,  “Availability  Factor”  is  the  third  approach.  It  is  defined  as 
a  measurement  of  the  operation  percentage  of  a  wind  turbine.  Also, 
it  refers  to  the  percentage  of  time  that  a  wind  turbine  is  operating, 
which  depends  on  wind  turbine  characteristics  and  wind  energy 
potential  [15,16].  Furthermore,  to  understand  in  depth  the  “Avail¬ 
ability  Factor”  of  a  given  generator,  that  is  the  most  important  wind 
turbine  characteristics  which  can  give  more  information  and  right 


5000 


Winter 


Spring 


Summer 


Autumn 


Fig.  2.  Expected  seasonally  power  potential  at  100  m  hub  height  over  the  year. 
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Table  3 

Turbine  characteristics  for  the  wind  machines  used  in  the  analysis  and  the  yearly 
energy  output  estimated  by  WASP  for  Ras  Ghareb  station. 


Operating  data 

Repower  MD  77 

Fuhrlander  FL 

MD  77 

Nordex  S  77 

Eout  (kW/h/year) 

7,614,127.0 

7,578,928.0 

7,532,868.0 

Capacity  Factor 

57% 

57% 

57% 

Rated  Power  (Pr) 

1 500  kW 

1 500  kW 

1500  kW 

Hub  height 

100m 

100m 

100m 

Rotor  diameter 

77  m 

77  m 

77  m 

Swept  area 

4657  m2 

4657  m2 

4657  m2 

Number  of  blades 

3 

3 

3 

Cut-in  wind  speed  (Vcj) 

3  m/s 

4m/s 

4m/s 

Rated  wind  speed  (Vr) 

13  m/s 

12  m/s 

13  m/s 

Cut-off  wind  speed  (Vco) 

20m/s 

20  m/s 

20  m/s 

Expected  life  (years) 

20 

20 

20 

Price/Euro 

1,700,000 

1,700,000 

1,300,000 

direction  to  choice  the  best  wind  machine  suitable  at  the  world 
markets  for  Ras  Ghareb  area. 

Hence,  three  different  types  of  commercial  wind  turbines  pos¬ 
sessing  the  same  rated  power  1500kW  have  been  chosen  for  this 
study.  The  technical  data  for  the  machines  are  prepared  in  Table  3. 
The  information  given  Table  3  is  obtained  from  references  [17-19] 
for  wind  turbines:  Repower  MD  77,  Fuhrlander  FL  MD  77,  and 
Nordex  S  77,  respectively.  These  horizontal  axis  turbines  are  com¬ 
posed  of  three  blades  with  diameter  of  77  m  and  their  swept  area 
are  the  same  4657  m2.  To  simplify  calculations  and  exposition,  we 
choose  different  models  of  wind  turbines  with  the  same  hub  height 
100  m.  These  machines  have  a  minimum  speed,  called  the  “cut-in” 
speed,  below  which  they  do  not  produce  power.  The  cut-in  speed 
for  wind  turbine  Repower  MD  77  is  3  m/s  while  for  other  two  4  m/s. 
They  also  have  a  maximum  or  “cut-out”  speed  which  they  shut 
down  for  self-protection,  also  not  producing  power.  The  cut-out 
speed  is  20  m/s  for  all  three  machines.  Their  rated  power  for  wind 
speeds  =  13  m/s  for  Repower  MD  77  and  Nordex  S  77  and  is  12  m/s 
for  Fuhrlander  FL  MD  77.  The  expected  life  of  the  machines  and  the 
other  characteristics  are  also  included  in  Table  3. 

Consequently,  to  completely  describe  wind  turbine  character¬ 
istics,  the  capacity  factor,  turbine  efficiency,  and  the  availability 
factor  of  a  specific  wind  turbine  should  be  considered  together.  So, 
the  capacity  factor  and  the  wind  turbine  efficiency,  for  each  type 
of  wind  machine  is  assumed  to  be  located  at  Ras  Ghareb  station, 
are  investigated  and  the  results  reported  in  Tables  2  and  3  accom¬ 
panied  with  Fig.  3.  The  important  characteristics  which  we  note 
from  the  tables  and  figure  are  that:  the  three  different  wind  tur¬ 
bines  have  nearly  the  same  annual  values  of  capacity  factor  (57%) 
if  worked  at  Ras  Ghareb  region  because  they  have  the  same  rated 


power  1.5  MW.  And  the  monthly  and  annual  values  of  turbine  effi¬ 
ciency  also  are  equal  for  them.  This  is  due  to  their  rotor  swept  area 
are  identical  value  4657  m2.  An  integral  view  of  Fig.  3  gives  the 
following  findings: 

( 1 )  An  opposite  monthly  trend  can  be  observed,  where  from  March 
to  October  the  monthly  wind  speeds  have  high  values,  see 
Table  1.  But  all  wind  machines  have  less  wind  turbine  effi¬ 
ciency  values  than  the  low  wind  speeds  values  measured  from 
November  to  February  over  the  year.  This  is  because  these  tur¬ 
bines  are  operating  a  constant  rated  power  at  wind  speeds 
between  the  rated  and  cut-off  wind  speed. 

(2)  Meanwhile,  the  energy  available  in  the  wind  is  still  proportional 
to  the  cubic  of  wind  speed.  The  wind  turbine  efficiency  is  thus 
decreasing  as  the  wind  speed  probability  distributed  between 
the  rated  speed  and  cut-off  speed  is  increasing. 

On  the  contrary,  by  using  the  power  curve  for  every  turbine 
together  with  WASP  program  and  the  values  of  mean  wind  speeds 
at  Table  1.  The  average  annual  energy  generated  by  the  three  com¬ 
mercial  machines  can  be  estimated  for  Ras  Ghareb  station  and  the 
results  are  presented  in  Table  3.  The  wind  turbines  can  generate 
electrical  energy  amounting  to  7,614,127  kWh,  7,578,928  kWh,  and 
7,532,868  kWh  per  year,  respectively.  They  are  plotted  as  solid  lines 
in  Fig.  4.  These  curves  show  how  much  energy  output  is  produced 
by  every  wind  machine.  It  is  possible  conclude  the  following: 

(1 )  The  yearly  energy  generated  by  the  wind  turbine  Repower  MD 
77  is  relatively  greater  than  the  energy  produced  from  the  wind 
machines  Fuhrlander  FL  MD  77,  and  Nordex  S  77.  This  happens 
because  the  cut-in  speed  is  3  m/s  for  Repower  MD  77  while  for 
other  two  4  m/s,  which  makes  the  wind  turbine  of  producing 
more  energy.  Since  the  electrical  energy  from  the  wind  tur¬ 
bine  is  governed  by  the  design  features  of  wind  turbine  such 
as  cut-in  speed,  that  is  the  minimum  wind  speed  required  to 
start  delivering  useful  power  [20,21  ].  In  addition,  it  is  observed 
that  the  wind  speed  remained  above  3  m/s  for  almost  4%  of  the 
times  (frequency  of  occurrence)  over  the  whole  year  which  is  a 
positive  point  at  Ras  Ghareb  station,  i.e.  the  wind  data  at  100  m 
above  the  ground,  theoretically,  assures  availability  of  the  wind 
during  which  WECS  ( Repower  MD  77)  can  generate  power. 

(2)  This  is  means  that  in  general,  the  availability  factor  increases  as 
the  decrease  of  the  cut-in  wind  speed  of  a  wind  turbine.  Most 
modern  wind  turbines  have  high  values  of  availability  factor. 

(3)  Similarly,  if  we  take  100  machines  as  an  example  from  every 
model  to  contribute  a  wind  park,  the  generated  energy  differ¬ 
ence  between  Repower  MD  77  and  Fuhrlander  FL  MD  77  as  a 
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Fig.  3.  Monthly  variation  of  wind  turbine  efficiency  for  the  three  commercial  wind  turbines  have  the  same  rotor  swept  area  and  rated  power. 
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Fig.  4.  The  average  annual  energy  generated  by  the  three  different  wind  turbines  considered  at  Ras  Ghareb  location. 


farm  will  be  3  GWh/year.  And  the  gain  output  of  energy  dif¬ 
ference  between  Repower  MD  77  and  Nordex  S  77  is  about 
8  GWh/year. 

(4)  Hence,  we  choose  and  recommend  the  commercial  wind  tur¬ 
bine  model  Repower  MD  77,  with  hub  height  1 00  m,  as  the  most 
suitable  wind  turbine  that  it  could  produce  more  energy  out¬ 
put  throughout  the  year-  at  Ras  Ghareb  area  to  establishment 
a  wind  farm  with  1 50  MW  total  power. 


Table  4 

The  cost  of  kWh  of  electricity  generated  from  different  systems  actually  used  in 
Egypt  [4]. 

System 

Cost  ($  cent/kWh) 

1  WEC  system 

1.8 

2  Combined  cycle  system 

2.4 

3  Conventional  steam-fuel  oil  fired 

5.4 

4  Gas  turbine  diesel  oil  fired 

5.4 

5  Photovoltaic  system 

14.0 

4.  Generation  cost  from  the  wind  farm 


The  use  of  wind  as  an  energy  source  requires  that  the  cost  of 
energy  from  the  wind  turbines  be  competitive  with  the  cost  of 
energy  from  conventional  sources.  Ras  Ghareb  location  was  chosen 
to  install  150MW-wind  farm  consisting  of  100  commercial  wind 
turbine  model  (Repower  MD  77),  each  of  them  having  rated  power 
1500kW,  and  its  technical  properties  at  Table  3.  These  turbines 
must  be  locate  150  m  distance  apart  each  other  to  prevent  energy 
production  loses  of  park  effect.  Additionally,  the  direction  of  the 
wind  statistics  play  an  important  role  in  the  optimal  positioning 
of  a  wind  park  in  a  given  area.  At  Ras  Ghareb  station,  the  prevail¬ 
ing  wind  come  mainly  from  the  north-northwest  direction  and  is 
ideally  suited  for  wind  turbines  siting  on  the  wind  farm  project 

[1],  which  will  be  developed  on  the  campus  area.  On  the  other 
side,  in  recent  years  the  method  of  the  present  value  of  money 
(PVC)  is  employed,  to  estimate  the  cost  of  a  kilowatt-hour  produced 
by  the  chosen  wind  energy  conversion  system.  Similar  procedure 
and  assumptions  used  by  many  authors  [22-24].  Where  there  are 
many  factors  that  should  be  considered  when  calculating  the  cost 
of  energy  generated  by  a  wind  farm  for  a  specific  site. 

In  this  section,  we  present  a  developing  methodology  for  esti¬ 
mate  the  cost  of  each  kWh  of  electricity  producing  from  a  wind 
farm  consisting  of  100  machines  located  at  Ras  Ghareb  region.  This 
will  be  done  by  a  simple  estimating  procedure  can  be  introduced 
by  the  following  new  formula: 


PVC  =  /  +  MH+Comr 


i  +r 

r  -  i 


X 


where 


(1)  investment  (I)  includes  the  machine  price  plus  its  20%  for  the 
civil  work  and  other  connections. 

(2)  major  overhaul  (MH)  is  a  fixed  value  taken  to  be  2%  of  (I),  it  was 
used  during  the  calculations. 

(3)  operation,  maintenance  and  repair  cost  (C omr)  was  considered 
to  be  25%  of  the  annual  cost  of  the  turbine  (machine  price/life 
time). 


(4)  the  interest  rate  (r)  and  inflation  rate  (i)  were  taken  to  be  15% 
and  12%,  respectively. 

(5)  the  life  time  of  the  wind  machine  (t)  was  assumed  to  be  20 
years. 

(6)  scrap  value  (S)  was  taken  to  be  1 0%  of  the  turbine  price  and  civil 
work. 

As  is  evident  from  Eq.  (3),  this  additional  term  (MH)  refers  to 
the  major  overhaul  should  be  assumed  due  to  the  wind  farm  have 
a  huge  number  of  wind  turbines  up  to  100  machines.  And  after 
about  10  years  this  assumption  must  be  considered  for  PVC  value. 

The  price  of  the  wind  turbine  from  Table  3  and  other  assump¬ 
tions  were  substituted  at  Eq.  (3),  and  in  case  of  the  wind  farm,  the 
capital  investment,  I,  is  taken  as  the  number  of  units  multiplied  by 
the  unit  price,  from  which  the  developed  present  value  of  money 
was  obtained  as  follow: 

PVC  =  228,  631, 390 

Then,  calculated  energy  production  of  located  1 00  turbines  with 
total  capacity  of  150  MW  was  761,412,700  kWh/year.  So,  the  cost 
per  kWh  =  [(228,631,390)/(20x  761,412,700)]  =  1.5€cent.  Indeed, 
installing  wind  farm  at  this  site  to  generate  electricity  is  economi¬ 
cally  feasible. 

Furthermore,  by  comparing  the  result  of  expected  cost  of  elec¬ 
tricity  generation  from  this  assumed  wind  park  at  Ras  Ghareb  area, 
we  found  that  it  is  below  the  cost  of  1  kWh  produced  by  the  Egyptian 
Electricity  Authority  using  diesel  oil,  natural  gas  and  photovoltaic 
system  as  shown  in  Table  4,  Generally,  WEC  systems  is  the  most 
economic  technology  for  electricity  generation  in  Egypt. 

Therefore,  additional  cost  comparison  for  our  result  of  gener¬ 
ating  wind  energy  with  the  retail  tariff  from  WECS  in  the  UK  and 
Germany  indicates  that:  for  the  future  in  Great  Britain,  the  price  of 
energy  delivered  from  wind  turbine  will  decrease  linearly  to  reach 
2.7  p/kWh  in  2020.  However,  the  tariff  from  wind  energy  in  Ger¬ 
man  electricity  prices  was  subsequently  revised  to  8.7  €cent/l<Wh 
for  5  years  and  5.6€cent/kWh  for  the  following  15  years  between 
2002  and  2022  [25]. 
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Hence,  these  comparisons  encourage  the  construction  of  several 
wind  farms  at  Ras  Ghareb  City.  Where  the  expected  specific  cost  for 
electricity  generation  equal  to  1.5€cent/kWh,  which  is  very  com¬ 
petitive  price  compared  to  the  actual  tariff  system  at  the  national 
market  of  wind  energy. 

5.  Conclusion 

From  this  study  we  reach  to  the  following  main  conclusions: 

(1)  Ras  Ghareb  City  on  the  west  coast  of  the  Red  Sea  in  Egypt  has 
strong  wind  potential  at  1 00  m  of  altitude  and  ideally  suited  for 
large  wind  turbines  siting.  The  power  density  from  wind  can 
reach  about  900  kW/m2  per  year.  The  peak  of  the  wind  power 
appears  from  March  to  October,  where  the  maximum  value  of 
Pi oo»  was  found  at  June  15601<W/m2  followed  by  1470  kW/m2 
recorded  at  August,  which  are  comparable  to  and  sometimes 
higher  than  the  power  density  in  many  European  cities  for 
wind  electricity  applications  like  Vindeby  (Denmark)  and  also 
America  or  Canada. 

(2)  From  the  seasonal  view,  the  wind  power  potential  is  higher  dur¬ 
ing  the  Summer  months.  Indeed,  the  wind  power  available  at 
Summer  period  only  is  4293  kW/m2,  which  is  3.5  times  greater 
than  the  wind  density  available  at  Winter  months  and  there¬ 
fore,  it  is  more  1.5  times  the  wind  power  density  at  Spring  or 
Autumn  seasons. 

(3)  The  availability  factor  of  a  given  generator,  is  the  most 
important  wind  turbine  characteristics  which  can  give  more 
information  and  right  direction  to  choice  the  best  wind  machine 
suitable  for  the  location  explored  for  electricity  generation. 
Moreover,  the  availability  factor  increases  as  the  decrease  of 
the  cut-in  wind  speed  of  a  wind  turbine. 

(4)  For  the  investigated  station  with  three  different  commer¬ 
cial  wind  machines,  we  recommend  the  wind  turbine  model 
Repower  MD  77,  with  rated  power  1 .5  MW  at  1 00  m  hub  height, 
as  the  most  suitable  wind  turbine  -that  it  could  produce  more 
energy  output  over  the  year  at  Ras  Ghareb  area. 

(5)  The  evaluation  method  (methodology)  to  estimate  the  price  of 
each  kWh  electricity  from  the  wind  farm  has  been  developed 
by  an  additional  term  (MH)  refers  to  the  major  overhaul  which 
should  be  considered  for  PVC  value  of  the  wind  farm  that  have 
a  huge  number  of  wind  turbines. 

(6)  It  is  possible  to  establish  at  Ras  Ghareb  station  a  wind  farm 
with  150  MW  total  power,  consisting  of  100  machines  model 
Repower  MD  77  which  produced  energy  output  in  the  range  of 
761 ,41 2  MWh/year.  The  electricity  generation  cost  is  estimated 
to  be  1.5€cent/kWh.  An  appropriate  price  should  see  the  wind 
farm  attain  economic  viability. 

(7)  The  important  result  derived  from  this  research  that  several 
wind  parks  with  hundreds  of  megawatts  of  wind  turbine  capac¬ 
ity  can  be  installed  at  Ras  Ghareb  area  along  the  Gulf  of  Suez  in 
Egypt.  Where  the  expected  cost  of  electricity  generation  was 
found  to  be  less  than  and  very  competitive  with  the  cost  of 
kilowatt-hour  produced  from  the  wind  farms  in  Great  Britain 
and  Germany  and  from  different  systems  actually  used  in  Egypt. 
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